In a mountainous terrain surface water contamination relates to stream flow and topography, while shallow and deep groundwater contamination flow depends on fissures in bedrock which can only be detected and predicted using a variety of complex methods. Using data from western North Carolina, we examine how the risk of offsite water contamination from an inactive hazardous waste site is capitalized into local property values. Offsite surface and groundwater contamination took place over a 12-year period until the site was eventually placed on the National Priority List. Our findings suggest that shallow groundwater contamination risk is capitalized into land prices but that deep groundwater threats are not. This last result suggests that better information concerning potential deep groundwater contamination flow might be necessary. Finally, the length of time between the end of on-site contamination and the detection of off-site contamination was longer than the statute of repose in North Carolina, suggesting that in a mountainous terrain the current statute's horizon may be too short.
In a mountainous terrain surface water contamination relates to stream flow and topography, while shallow and deep groundwater contamination flow depends on fissures in bedrock which can only be detected and predicted using a variety of complex methods. Using data from western North Carolina, we examine how the risk of offsite water contamination from an inactive hazardous waste site is capitalized into local property values. Offsite surface and groundwater contamination took place over a 12-year period until the site was eventually placed on the National Priority List. Our findings suggest that shallow groundwater contamination risk is capitalized into land prices but that deep groundwater threats are not. This last result suggests that better information concerning potential deep groundwater contamination flow might be necessary. Finally, the length of time between the end of on-site contamination and the detection of off-site contamination was longer than the statute of repose in North Carolina, suggesting that in a mountainous terrain the current statute's horizon may be too short. In this study we examine the effect of water contamination from a former manufacturing site on vacant land prices. Located near Asheville, NC, the site housed a series of firms that, over several decades, engaged in electroplating as part of their manufacturing process. The solvent trichloroethylene (TCE) is the main contaminant at the site. TCE is associated with various adverse health consequences, including cardiac and neurological problems and liver damage. The site remained the responsibility of the state of North Carolina until March, 2012, when it was designated a Superfund site by the Environmental Protection Agency.
While there is a large literature relating to Superfund sites and property values, in this paper we focus on measuring any price effects from the discovery of off-site water contamination, where this discovery predates the later Superfund designation date by twelve years. We are also the first to separately estimate the impact of potential contamination to both surface water and shallow and deep groundwater. Identifying potential groundwater contamination, which is related to the surrounding mountainous terrain and geology, is an important empirical test of how information is capitalized in a property market.
We model the effect of water contamination several ways in the context of a hedonic framework. Because the study area is mountainous with various stream networks, we control for stream presence and stream flow, among other factors. The contamination site is located in the headwaters of two streams. Accordingly, only those properties downstream from the contamination source should be prone to surface water contamination. To proxy shallow and deep groundwater contamination we using geologic surveys the EPA conducted of the geologic layers underlying and surrounding the site.
Our empirical analysis indicates that water flow and topography are factors which are considered in land-market participants pricing of water contamination risk. Using various measures of distance from the contamination site, we find that prior to contamination the site was in a localized value peak. We find little evidence that potential contamination to surface water influences property values in this market. However, we find strong evidence that potential shallow groundwater contamination has a strong negative influence on property values. Finally, we find no evidence that potential deep groundwater contamination has an influence on property values, even though deep groundwater contamination might pose the greatest long-term risk to drinking water supplies. Our findings have implications for measuring third party claims associated with hazardous waste sites and to the appropriate length of time associated with any statute of repose in mountainous terrain.
LITERATURE
In most studies relating property values to environmental contamination, hedonic pricing methodology is used to measure the effect of the initial discovery of contamination, the EPA's NPL designation, and/or the associated clean up at a Superfund site.
1 The first study to measure the effect of the NPL designation was Kohlhase (1991) who examines property values near multiple hazardous waste sites in the Houston, TX area that were eventually placed on the NPL. She finds property values near the sites decline only after the NPL listing. However, the finding that these declines reversed at one site after cleanup suggests that such effects may not be permanent. Kohlhase, Michaels, and Smith (1990) examine properties near hazardous waste sites in the Boston area, some of which were on the NPL. While their results vary by submarket, in general they find evidence that house prices increase with distance from a site. Mendelsohn, et al. (1992) use a repeat-sales methodology to examine a site contaminated with PCB in New
Bedford, MA and find negative price effects associated with the site before it was proposed to the NPL. Kiel (1995) is the first in this literature to examine the price effects of hazardous waste sites using a sample period that includes discovery of contamination, NPL listing, and clean up. Using data from Woburn, MA, where two NPL sites are located, Kiel finds no adverse price effects associated with the sites until discovery of contamination. After discovery, but before the NPL listing of the sites three years later, price effects from contamination were partially capitalized in the housing market. Further capitalization occurred with the listing. Unlike Kohlhase (1991) , Kiel finds no effect of EPA clean-up announcements on property values in the area.
2 Dale, et al. (1999) examine property values near a lead smelter in Dallas, TX, which was initially declared to be clean but eventually landed on the NPL. They find the market generally capitalized negative externalities from the site before information about soil contamination and potential health risks were known. Like Kohlhase (1991) , Dale, et al. find property values rebound after the initial clean-up (which at the time was thought to have been successful). Gayer, et al. (2002) study Superfund sites in the Grand Rapids, MI area between 1988 and 1993. The sample period begins before any public health risks associated with the sites are publicized and ends after the EPA declares the site to be clean. They find the willingness-to-pay by residents to avoid the risks associated with these sites decreases after the EPA's NPL designation, suggesting the public perceives lower levels of risk following the designation.
There are several studies that examine the price effects of water contamination but are independent of any Superfund designation. McLaughlin (2011) tests the house price effects of varying levels of public information about water contamination, from rumors to actual media coverage, in Washington County, MN. McLaughlin uses both distance from the contaminated site and actual ground tests, and finds "at risk" houses suffered no greater loss in value than those properties that were not at risk. Michael, Boyle, and Bouchard (1996) use turbidity to measure the impact of water contamination on housing prices. 3 They find that water clarity significantly and positively affects land prices around Maine lakes. Finally, Epp and Al-Ani (1979) examine residential sales near small rivers and streams in Pennsylvania. Using both an index of water quality characteristics, as well as owners' perceptions of water quality, they find that water quality positively affects the value of property adjacent to streams.
BACKGROUND
The NPL Superfund site that is the basis for this study is located about five miles outside of Asheville, NC, in an area known as Skyland. From 1952 to 1986 the site housed various entities that engaged in electroplating at the site, or the use of electricity to coat solid surfaces with metals dissolved in water (see Paunovic and Schelsinger 2006) . 4 As part of this process, parts were washed with TCE prior to electroplating with tin, nickel, zinc, and silver. This contaminant was washed off during the electroplating process and released from the building via drains in the facility, a one-story building located in the northeast corner of the site.
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The site has a long history of environmental inspections. where the β's are parameters to be estimated and u i is a zero-mean error term.
The explanatory variables are divided into three groups. The first group describes the physical attributes of the parcel and its location relative to the city of Asheville and the contamination site. The second group describes the surface water characteristics of the parcel, in particular whether the parcel is adjacent to streams that could have been a catchment for contaminated surface water from the site. The third group describes the groundwater characteristics of the property, in particular whether the parcel would be on top of areas in which EPA and NCDNR studies suggested would be subjected to potential shallow and deep groundwater contamination. We also control for date of sale with annual dummy variables. Finally several variables test for differences in the impact of distance from nearby well contamination sites post-discovery.
The explanatory variables include the natural log of the lot size (LNSIZE), the slope (SLOPE) and elevation (ELEVATION) at the parcel centroid, respectively. We expect the lot area elasticity of parcel price to be less than one, or that the coefficient β 1 is positive but less than one (Colwell and Sirmans 1993) . The steeper the slope the higher will be the expected costs of any development on the parcel and thus we expect the coefficient β 2 to be negative (see Chamblee, et al. 2009 ). Higher elevation is often associated with better views in a mountainous landscape, and we expect better views to be associated with high land prices. On the other hand, higher elevation could indicate remoteness or more difficult access, and we might expect this to negatively influence land price though higher associated construction costs. Thus the sign of the estimated coefficient β 3 is ambiguous (see Chamblee, et. al. 2011 ).
The variable DISTHISTCBD variable is the distance from the parcel centroid to the center of Asheville's historical central business district. We expect β 4 , the estimated parameter on this variable, to be negative, indicating that land values are negatively related to distance from the center of the Asheville business district. The explanatory variable CITYASHE indicates whether a parcel is within the city limits of Asheville. We expect the coefficient β 5 to be positive, since land prices should increase, on net, with the added amenities provided by an Asheville location.
The main variables of interest focus on the impact of perceived contamination risk on parcel prices through the parcel's hydrological attributes and distance from the contamination site. The variable DIST measures the Euclidean distance of the parcel's centroid from the contamination site. The coefficient β 6 is the percentage change in price with an additional meter of distance from the contamination site. To test the effect of contamination on land prices after the contamination became public, the model includes an interaction between distance and a dummy variable, POST99, that takes a value of one if a sale took place after offsite contamination became public information in 1999. If there is greater benefit to being further away from the site after off-site contamination became public in 1999, we expect the coefficient β 7 to be positive.
The hydro-geologic attributes of the parcel affect the potential for contamination of both surface water and groundwater sources. In order to account for these potentials, our study includes measures of both surface water and groundwater. Surface water refers to the water that, after a rain event for instance, flow over the top of the ground and into the nearest stream. Groundwater refers to any water that, after a precipitation event, seeps into the soil, from whence it either continues flowing in line with local topography through pores in the soil back into the stream or continues flowing directly downward to reside in underlying bedrock (USGS 2014).
Surface Water Contamination
The surface-water flow process is determined by local topography and occurs over relatively short time periods (see Tague and Band, 2004) . By contrast, the groundwater flow process, known as advection, is slow and more complicated, being determined by the structure of the soil or rock layers containing the water (see Fetter, 2001 ). This is especially true in southern Appalachia. While residence times for surface water in this region may be measured in hours to days, shallow groundwater from soils can be resident for days or months, and the deep groundwater stored in cracks may stay resident for up to 25 years or more (see Plummer et al., 2001) . In order to account for these differences we have developed five variables that describe surface and groundwater flows.
To proxy for potential surface water contamination, we include an indicator variable STREAM that equals one if the parcel is within 100m of a perennial stream (having above-ground flow year-round). To the extent that streams provide a positive amenity of running water and other characteristics such variation in flora and fauna, we expect stream proximity to increase land values. Yet streams may be associated with greater flood risk and higher insurance costs which would represent a disamenity that would be expected to lower land values. Therefore the expected sign of the parameter on STREAM is ambiguous.
The contamination site is located on a ridge between two watersheds. This means that the parcels closest to the site, but still downstream of the site, are located in the headwaters of their respective watersheds. Thus, parcels can be downstream of the site without necessarily being on perennial streams because subsurface water that is resident in the soil will travel toward the perennial stream in the headwaters. The DOWNSTREAM dummy variable takes a value of one if the parcel is downstream from the contamination site, regardless of whether or not it is on a perennial stream. Since headwater parcels would not be adjacent to channels containing water year-round they would not have the same amenity value as those located on perennially flowing streams. However, headwater properties would still have flows in very shallow soils that would subject them to shortterm groundwater contamination from the site. Therefore, the expected sign of the coefficient on DOWNSTREAM is ambiguous..
If, after public knowledge of offsite contamination, land-market participants believe that any property on a stream is at risk of surface water contamination, we would expect the coefficient on STREAM and its interaction with the POST99 variable, β 9 , to be negative. On the other hand, if the land market correctly prices the hydrological nature of surface water contamination, we expect β 11 , the coefficient on the interaction of DOWNSTREAM and POST99, to be negative.
Groundwater Contamination
To capture groundwater effects beneath the soil layer, we use two variables, SHALLOW and DEEP, which distinguish between these different flows at different depths below the soil layer. These variables were developed using geologic surveys the EPA conducted of the geologic layers underlying and surrounding the site and are based on the different methods used to conduct the survey, both of which yield results that are effective at revealing the structure of geologic strata at different depths (see Chapman and Huffman, 2011:2-4).
The primary method for predicting the likely direction of groundwater contamination through subsurface flow is with a subsurface model of the contaminant plume that accounts for how the structure of the underlying geology will affect the mechanical dispersion of the contaminant (in this case TCE) that is dissolved in the groundwater (see Fetter, 2001: 402-410) . These methods vary widely and depend on the chemicals involved and the nature of the subsurface geology. In the case of the site of focus in this study, the EPA determined that they would need to estimate the geographic orientation of cracks in the area's underlying bedrock in order to create the plume model (Wischkaemper, 2011) .
The variable SHALLOW is derived from estimates of orientation of cracks in the subsurface geology that were calculated from a survey of the exposed bedrock in the area around the site. The variable DEEP is derived from estimates of orientation of cracks in the subsurface geology calculated from a survey of subsurface boreholes that were established in the area around the site. In each case, the calculations for orientation were obtained by counting the number of times a particular degree on the compass rose was 
9C). For the variables SHALLOW
and DEEP, a value of one was assigned when a parcel's orientation from the contamination site fell within the orientations that were predicted more than four times by their respective survey; the variables are given a zero value otherwise.
EPA studies of shallow subsurface geology cracks predict shallower groundwater flows toward northwest and south-southeast. For those properties that fall in the shallow groundwater plumes we assign the variable SHALLOW a value of one, otherwise SHALLOW takes a value of zero. Similarly, deep groundwater flows in the study area are to the southwest and north-northeast of the contamination site. For those properties that fall in the deep groundwater plumes, we assign DEEP a value of one, otherwise DEEP takes a value of zero. Because we have no expectations concerning these flows before contamination, we expect the coefficients β 12 and β 14 to be equal to zero. However, once offsite contamination is discovered and the potential threat to shallow and deep groundwater is recognized, we expect that β 13 and β 15 may be less than zero, indicating a price discount to properties contained in the predicted flow paths.
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Finally, we test for whether the market responds to particular instances of off-site contamination when they are publicly announced. We measure the Euclidean distance of each parcel's centroid from three instances of private well contamination that were discovered at different times during the sample period: in 1999, 2008, and 2009. We do not expect any particular price impact before contamination was discovered and announced, and therefore we expect β 16 , β 18 , and β 20 to be insignificant. However, after each contamination is made public we might expect the market to place a premium on properties that are further away from the wells. We test this by interacting each welldistance variable (DISTWELL99, DISTWELL08, and DISTWELL09) with an associated post-disclosure dummy variable: POST99, POST08, and POST09.
DATA DESCRIPTION
The sample includes 186 qualified vacant land parcels in Buncombe County, NC which sold between 1996 and 2012, all of which are less than two kilometers (1.24 miles) from the contamination site. All parcel transaction data were obtained from the Buncombe 17 We initially distinguished between these flows as well. After initial estimation, we could not reject the null hypothesis that the two shallow variables had the same impact on parcel prices nor could we reject then null hypothesis that the two deep variables had the same impact on parcel prices. We therefore constrain the two shallow parameters to be the same as well as the two deep parameters to be the same. Our final specification, as displayed in equation (1), includes only one SHALLOW and one DEEP dummy variable, and post-1999 interactions for both.
County, NC Tax Department and the geographic placement data were obtained via ArcGIS.
A map of the study area is provided in Figure 1 . The study area is located in the south of Buncombe County in the lower left corner of the figure. The contamination site is denoted in the center of the larger sales map. Because the site is located in a saddle between two watersheds, it affects two distinct streams which flow in opposite direction from the site (to the northwest and southeast, respectively.) Properties downstream from the site are located along the lighter shaded corridor that generally follows the path of these two streams. The shaded triangles extending outward from the site show the predicted directions of groundwater flows based on the EPA studies of sampled bedrock crack orientations. Table 1 lists the variables used in the analysis and their descriptions. Table 2 reports the descriptive statistics of the data. The average transaction price was $182,486
and the average parcel size was 1.36 acres. The average slope of the parcels was 10.78, consistent with the mountainous terrain of the area, and the average parcel was located 735 feet above sea level. The average parcel was 11.45 miles away from the central business district of Asheville and thirty-four percent of the parcels were located within the city limits of Asheville. Thirteen percent of parcels were associated with a surface stream and eleven percent of the sample is associated with a stream and also sold after the contamination was made public. Eleven percent of parcels were located on a stream and also considered downstream from the contamination site and nine percent of the sample was downstream from the site and sold after the contamination was made public. In all models, the lot-size elasticity of price is positive and statistically different from zero and statistically less than one, consistent with other studies. On average, a one percent increase in lot size corresponds with an increase in sale price of approximately 0.75 percent. In all models the slope of the parcel is negatively related to transaction price, consistent with Chamblee, et al. (2009 and , which reflects increased development costs and lower amenity value of steep parcels. On average, a one unit increase in slope corresponds with a decrease in transaction price of approximately two percent. Elevation, on the other hand, is not a significant contribution to transaction price.
The distance from the Asheville central business district is positively related to price in Model (1) and Model (2) but for the other models distance is not statistically meaningfully. A City of Asheville location increases price by a factor of 3.5, reflecting the increased amenities and services that being within the city of Asheville provides.
The distance of a parcel from the contamination site is negative in Model (1) and
Model (2) suggesting that the contamination site might be in a value peak. However, we note that the significance of this variable disappears as we start to control for hydrological variables suggesting that the statistically significant result is perhaps the result of an omitted variables bias. We find no significant price effects related to distance from the site after the discovery of off-site contamination.
Looking at Model (2), which includes the variables STREAM and DOWNSTREAM, we find no price effects to properties that are associated with a stream.
However, properties that are downstream from the contamination site carried a price premium of approximately 97 percent before the contamination was made public. After the off-site contamination became public, properties downstream from the site lost their entire premium so that they sold for no more than non-downstream properties.
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In Model (3) the groundwater characteristics are substituted for surface water characteristics and in Model (4), discussed further below, both groundwater and surface water characteristics are included. In Model (3) properties that are in the path of potentially contaminated shallow ground water located to the northwest and the south--southeast of the site experienced price premiums of 242 percent over other similar properties before the off-site contamination was made public. Yet, after the off-site contamination was made public the entire premium was erased. 19 In Model (3) properties that sit in the path of potentially contaminated deep groundwater to the southwest and the north-northeast of the contamination site did not experience a price premium in the preannouncement period. In the post-announcement period there is no deleterious impact on property prices as reflected by the insignificant parameter on DEEPPOST.
In Model (4), both surface water and ground water characteristics are included. In this case all surface water characteristics are rendered insignificant and the only characteristics that have a statistically meaningful relationship with parcel prices are those associated with shallow groundwater. As before, those properties that sit in the path of potentially contaminated shallow groundwater carried a price premium before the contamination was made public. After the discovery of offsite contamination, those properties that fall in the shallow groundwater contamination plume had their price premium erased.
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In Model (5), all surface and groundwater characteristics are substituted by the distances to the three private wells that were discovered contaminated at various times during the sample period. All of the parameters associated with the six well-related variables are statistically insignificant suggesting that proximity to a contaminated well did not alter the market valuation of a property before and after their contamination was made public.
In Model (6), groundwater characteristics and well characteristics are included (with surface water characteristics excluded). This model thus includes those characteristics that focus on the potential contamination of water under the surface of the properties, both shallow and deep. In this case, five of the six well variables remain insignificant but there appears to be a premium paid for distance from the 2008 well after the contamination was discovered. As before, those properties in line of potentially contaminated shallow ground water carry a premium before the discovery of off-site contamination and suffer a price reduction after the contamination was made public.
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Economically, the results suggest four interesting aspects of this market with respect to potential contamination. First, property owners are not terribly concerned about surface water that might be contaminated. This is perhaps reasonable given the low residence time for potential surface contamination. Second, there are price discounts for parcels that could experience contaminated shallow groundwater. This might reflect a perception that potentially contaminated shallow ground water might carry a higher probability to contaminate a parcel's soil thereby increasing risk to flora and fauna on the property. Third, the market does not seem capitalize the potential for deep groundwater contamination even though the deep groundwater might have more long-term health impacts than other types of contamination. Fourth, the market does not seem to respond to every announcement of off-site contamination, as reflected in only one of the post-disclosure well-related variables being statistically significant and suggesting that distance from that particular well carried a premium. Econometrically the results suggest that failing to control for potential groundwater contamination, both shallow and deep, in this particular market might introduce significant omitted variables bias.
CONCLUSION
In this study we examine the effects of off-site water contamination from a former manufacturing site in Buncombe County, NC. The contamination site was designated an
Environmental Protection Agency (EPA) Superfund site in March 2012 . Between 1952 and 1986 , the owners of the site engaged in electroplating as part of their manufacturing process and used the main water contaminant, the chlorinated solvent trichloroethylene (TCE), which is associated with various adverse health consequences, including cardiac problems, liver injury, and neurological problems.
We examine how perceived risk of water contamination is capitalized into nearby property values. We use a hedonic model where the land prices are regressed on a composite of key characteristics, including hydrological site characteristics and distance of parcels from the contaminated site. The different models allow us to test how land market participants understand the spatial aspects of water contamination. We find that when not controlling for groundwater contamination, it appears that potential surface water contamination has a statistically significant and economically material impact on property values. However, when including variables describing potential groundwater contamination, the surface water effects disappear. In this market, parcels that face potential shallow groundwater contamination suffered substantial price declines after off-site contamination was found. However, potential deep groundwater contamination, which might pose greater long-term health risks, is not generally incorporated into transaction prices. Our findings suggest that studies of house price effects from water contamination should consider hydrologic variables, including both surface water and groundwater flow estimates, in cases where the terrain is varied.
The current study suggests that land market participants have incomplete information with regard to contamination. Surface water and shallow groundwater flows may be roughly "guesstimated" using a basic knowledge of an area's terrain and understanding of water flows above ground. By contrast the flow of water through bedrock may have little to do with the shape of the surface topography, as was the case with the deeper groundwater flows in this instance. In all cases, groundwater contamination predictions are dependent not only upon rock composition and the chemical composition of the contaminants themselves, but also on subsurface crack orientation which is usually not related to terrain, but rather the result of the geologic processes of folding, faulting and uplift that could have happened hundreds of thousands or millions of years ago.
The estimated loss in property value from the risk of shallow groundwater contamination is substantial. Evaluated at the sample mean, our results suggest that land prices decline by between $126,580 and $139,680 following the public's awareness offsite contamination. However, these price effects are consistent with Abdalla, et al. (1992) 
